The interactions of a hydrophilic surface with water can significantly influence the characteristics of the liquid water interface. In this manuscript, we explore this influence by studying the molecular structure of liquid water at a disordered surface with tunable surface-water interactions. We combine all-atom molecular dynamics simulations with a mean field model of interfacial hydrogen bonding to analyze the effect of surface-water interactions on the structural and energetic properties of the liquid water interface. We find that the molecular structure of water at a weakly interacting (i.e., hydrophobic) surface is resistant to change unless the strength of surface-water interactions are above a certain threshold. We find that below this threshold water's interfacial structure is homogeneous and insensitive to the details of the disordered surface, however, above this threshold water's interfacial structure is heterogeneous. Despite this heterogeneity, we demonstrate that the equilibrium distribution of molecular orientations can be used to quantify the energetic component of the surface-water interactions that contribute specifically to modifying the interfacial hydrogen bonding network. We identify this specific energetic component as a new measure of hydrophilicity, which we refer to as the intrinsic hydropathy.
Introduction
In the vicinity of an extended hydrophilic surface, aqueous properties such as molecular mobility, solute solubility, and chemical reactivity can differ significantly from their bulk values.
1-8 These differences reflect the characteristics of water's interfacial hydrogen bonding network and how these characteristics are influenced by the presence of surface-water interactions. The effect of these interactions are difficult to predict due to the collective structure of the aqueous interfacial hydrogen bonding network. Understanding the influence of surface-water interactions on this interfacial hydrogen bonding network is therefore fundamental to the study of hydrophilic solvation.
In this manuscript we investigate the response of the hydrogen bonding network to changes in the strength of surface-water interactions. We present the results of molecular dynamics simulations of the interface between liquid water and a model surface with tunable hydrophilicity. We utilize a rigid model surface that is molecularly disordered and includes polarized (i.e., hydrogen bond-like) interactions that have heterogeneous orientations. We examine the structure of the interfacial hydrogen bonding network and how it varies when the strength of the surface-water interactions are changed. We find that hydrophilic surfaces, with surface-water interactions that are similar in strength to typical aqueous hydrogen bonds, give rise to interfacial molecular structure that is spatially heterogeneous. As we demonstrate, this heterogeneous structure includes some regions with interfacial molecular structure that is only weakly perturbed from that observed at an ideal hydrophobic surface. As we highlight, the persistence of this weakly perturbed, hydrophobic-like interfacial molecular structure may explain the ubiquity of hydrophobic effects in aqueous solvation.
The molecular structure of a liquid water interface is determined primarily by water's strong tendency to engage in tetrahedrally coordinated hydrogen bonding. 9 In the bulk liquid this tendency leads to the formation of a disordered tetrahedral hydrogen bonding network.
The characteristics of this network determine many of water's physical properties, such as its density, heat capacity, and viscosity. 10 The individual hydrogen bonds that comprise this network are very energetically favorable, so any given bond within the bulk liquid is broken only fleetingly. 11 At an interface, however, geometric constraints make it impossible to simultaneously satisfy all available hydrogen bonds. Molecules at the interface thus reorganize to mitigate the loss of hydrogen bonds resulting in an interfacial hydrogen bonding network that is anisotropic and distorted relative to that of the bulk liquid. 12 Aqueous properties that depend on this network structure, such as small molecule solvation 13, 14 and proton transport, 15, 16 thus vary in the vicinity of a liquid water interface.
Notably, the characteristics of water's interfacial molecular structure can be altered by the presence of external interactions, such as those that arise at a hydrophilic surface. Many previous studies have been aimed at revealing the microscopic properties of water at hydrophilic surfaces. Experimental efforts, such as those based on sum-frequency generation spectroscopy, [17] [18] [19] terahertz absorption spectroscopy, 20, 21 and dynamic nuclear polarization, 22, 23 have uncovered important details about the microscopic structure and dynamics of the liquid water interface. These efforts have revealed that strong surface-water interactions can significantly reduce the mobility of interfacial water molecules and modify aqueous hydrogen bonding energetics. vious studies with a model system that is designed to allow for systematic variations in surface-water interactions. Our approach is unique because we use the collective structure of the interfacial hydrogen bonding network as an order parameter for quantifying water's interfacial molecular structure. We use this order parameter to resolve the spatial dependence of water's response to disordered but strongly interacting surfaces. We complement this approach by using a mean field model of interfacial hydrogen bonding to isolate the energetic component of these surface-water interactions that contribute specifically to reorganizing water's interfacial hydrogen bonding network. We then propose that this particular energetic component represents an intuitive measure of surface hydropathy. Details about our model system and the methods we use to analyze and characterize water's interfacial molecular structure are described in the following section. Then, in the section entitled "The effect of surface polarity on water's interfacial molecular structure,"
we present results and discuss how variations in surface-water interactions affect water's interfacial molecular structure. In the section entitled "Quantifying surface hydropathy from water's interfacial molecular structure," we describe a mean field model of interfacial hydrogen bonding and show how this model can be applied to quantify surface hydropathy.
Model and Methods

A disordered model surface with tunable hydrophilicity
Our model surface is constructed from an immobilized slab of bulk liquid water with variable partial charges that can be used to tune surface hydrophilicity. This model surface has been previously used to investigate the influence of surface-water interactions on interfacial density fluctuations. 32, 33 As illustrated in Fig. 1(a) , our surface is constructed based on an equilibrium configuration of a slab of liquid water, spanning the periodic boundaries of the x-y plane. We define the surface as the set of water molecules whose oxygen atoms lie on one side of a plane perpendicular to the z-axis that cuts through the liquid water slab. A schematic illustration highlighting the difference between standard SPC/E water molecules, which are described as three point charges arranged with a specific relative geometry and embedded within a Lennard-Jones potential, and the surface molecules, which are modeled identically except that the point charges are scaled by a factor of α.
two separated water-vapor interfaces. For a given configuration of the slab we defined the surface by drawing a horizontal plane through the liquid slab at a vertical position approximately To calculate δλ phob we first sample the orientational configurations of interfacial water molecules. We denote the orientational configuration of a water molecule in terms of the three-dimensional vector, ξ = (cos θ 1 , cos θ 2 , a), where θ 1 and θ 2 specify the angle made between each OH bond vector and the local surface normal and a specifies the distance of the water molecule from the nearest position of the instantaneous liquid water interface.
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We define the position of the instantaneous liquid water interface following the procedure described in Ref. 37 . For any given orientational configuration we can compute the quantity
where P ξ phob denotes the pre-tabulated probability to observe the specific molecular orientation, ξ , at an ideal hydrophobic interface and P ξ iso denote corresponding probability for the case when molecular orientations are distributed isotropically (e.g., within the bulk liquid). For a given surface, the quantity δλ phob simply reflects the average value of f ξ phob computed for water molecules at the interface.
Specifically, for a particular location, r surf , along the plane of the liquid-surface interface,
where,
and λ phob 0 represents the average value of λ phob computed over an ideal hydrophobic surface. In Eq. 3, ξ(r surf , t) specifies the orientational configuration of the water molecule that is nearest to the position r surf at time t, the summation is taken over a discrete set of N τ simulation snapshots sampled along the time interval τ . Here we sample simulation snapshots separated by 100 fs along a 1 ns trajectory (i.e., τ = 1 ns and N τ = 10000).
By definition, δλ phob ≈ 0 when water's interfacial molecular structure is similar to that of a hydrophobic surface. Surfaces that interact strongly with water molecules cause interfacial molecular structure to deviate from that of the hydrophobic reference system, which typically results in positive values for δλ phob . By computing δλ phob (r surf ) locally, we can identify the spatial profile of interfacial distortions that arise due to water's interactions with a heterogeneous surface.
The effect of surface polarity on water's interfacial molecular structure
We evaluate the effect of surface-water interactions on water's interfacial molecular structure by analyzing simulations carried out using surfaces with different values of α. We consider values of α ranging from α = 0, as an example of a disordered hydrophobic surface, to α = 1, as an example of an ideal (i.e., water-like) hydrophilic surface. For each value of α we have considered five independently generated surface configurations. For each surface configuration we have performed a 1 ns equilibrium simulation. We have analyzed each simulation by computing the value of δλ phob (r surf ) on a square lattice with lattice spacing equal to 0.5 Å along the plane of the liquid-surface interface. By definition, variations in δλ phob thus indicate changes in the molecular structure of the liquid water interface.
To establish an intuitive framework for interpreting variations in interfacial molecular structure we compare values of δλ phob (r surf ) to the quantity, ∆µ ex (r surf ), which denotes the change in excess chemical potential of a hard-sphere solute of radius 2.5 Å when the solute is brought from the bulk liquid to a position where it contacts the surface at r surf . ∆µ ex (r surf )
can be used to identify regions of a rigid hydrated surface that are either hydrophobic or hydrophilic. To analyze our results, we first consider the effect of α on δλ phob , the value of our order parameter averaged over all surface positions and surface realizations. As illustrated in Fig.   2 , δλ phob ≈ 0 for surfaces with α = 0, indicating that apolar uncharged surfaces give rise to interfacial molecular structure that is characteristically hydrophobic. We observe that water's interfacial molecular structure depends weakly on α when 0 ≤ α 0.4, suggesting that there is a threshold in surface polarity that must be overcome in order to affect significant change in water's interfacial molecular structure. Beyond this threshold, δλ phob increases steadily and takes on values associated with hydrophilic interfacial structure (i.e., δλ phob > 0.1) when α 0.6.
To better understand the effect of α on interfacial molecular structure we have computed the average surface-water interaction energy,
where the angle brackets represent an equilibrium average, the first summation is taken over all frozen surface molecules, the second summation is taken over all molecules in the liquid, and u ij represents the pair potential for interactions between surface species and molecules within the liquid. We observe that the dependence of U w-s on α is complementary to that of δλ phob . Specifically, U w-s varies nonlinearly with α, slowly for 0 ≤ α 0.4
and more rapidly for α 0.4. This complementarity shows that the changes in interfacial molecular structure that are indicated by increases in δλ phob when α > 0.4 are enabled by the formation of more favorable surface-water interactions. Moreover, the reluctance of δλ phob to change when the value of α is small illustrates that water's interfacial hydrogen bonding network is determined by a competition between the strength of surface-water and water-water interactions. These results thus reveal the strength of favorable surface-water interactions (in terms of α) that are required to offset the free energy costs associated with the reorganization of interfacial hydrogen bonding.
The values of δλ phob that are plotted in Fig. 2 represent a spatial average over het-erogeneous surfaces. To understand the effects of surface heterogeneity on local interfacial molecular structure we analyze the statistics of δλ phob (r surf ) computed locally at various positions along the liquid-surface interface. We characterize the statistics of this local interfacial molecular structure in terms of P (δλ phob ), the probability to observe a given value of δλ phob at a specfic point along the surface. Plots of P (δλ phob ) computed for surfaces with different values of α are shown in Fig. 3 . We observe that when α = 0, P (δλ phob ) is approximately Gaussian with a narrow width centered at δλ phob ≈ 0. For larger values of α, however, P (δλ phob ) has pronounced non-Gaussian tails at large values of δλ phob . Unlike the peak behavior of P (δλ phob ), which exhibits a small shift with increasing α, the large-δλ phob tails are extremely sensitive to changes in α. These tails indicate that when α ≥ 0.4, the probability to observe regions with highly distorted interfacial molecular structure is many orders of magnitude larger than would be expected based on Gaussian statistics. The behavior of P (δλ phob ) indicates that surfaces with α ≥ 0.4 give rise to aqueous interfacial molecular structure that is heterogeneous. To understand the spatial distribution of this heterogeneous interfacial molecular structure we plot δλ phob (r surf ) computed for a single fixed surface configuration with different values of α. The series of panels in Fig. 4 illustrate how α affects the spatial variations in water's interfacial molecular structure.
When α is small, the structure of the aqueous interface is homogeneous with δλ phob ≈ 0.
The spatial distribution of δλ phob is similar for surfaces with 0 ≤ α ≤ 0.4, consistent with the results presented in Figs. 2 and 3 . When α > 0.4, however, we observe the appearance of localized, approximately water-sized domains that have larger values of δλ phob . These domains correspond to the fat tails in P (δλ phob ) that are plotted in Fig. 3 . Notably, even the most hydrophilic surface that we considered (i.e., the α = 1 surface) includes many regions with interfacial molecular structure that is hydrophobic-like. In fact, the signatures of this hydrophobic interfacial structure are evident in over 25% of the interfacial area of the α = 1 surface. These regions are associated with the peak behavior of P (δλ phob ), which as Fig. 3 illustrates, originates directly from a systematic α-induced shift in the α = 0 distribution. This observation indicates that the specific molecular structure that is adopted by water at a hydrophobic interface resides in a basin of thermodynamic stability that is robust to moderate surface-induced perturbations. We attribute the stability of this hydrophobic interfacial molecular structure to the strong influence of the bulk liquid hydrogen bond network on the orientations of interfacial water molecules. A surface must overcome this influence in order to cause significant changes in water's interfacial molecular structure.
The tendency for liquid water to adopt hydrophobic-like interfacial molecular structure, even at hydrophilic surfaces, highlights the importance of this particular interfacial hydrogen bonding arrangement in aqueous solvation. For instance, this particular interfacial structure determines the thermodynamic driving forces that underlie the hydrophobic effect. 40 Thus, in order to mitigate hydrophobic effects a surface must include a high density of surface sites whose interactions with water molecules are sufficiently strong as to overcome the hydrogen bonding interactions imposed by the adjacent bulk liquid.
Unlike many hydrated surfaces and large solutes, the surfaces we have considered are completely rigid. Without this rigidity, the spatial heterogeneity exhibited in Fig. 4 would be absent. For dynamic surfaces we expect that heterogeneity in the distribution of δλ phob , such as indicated by the fat tails in Fig. 3 , would still be evident. However, the presence of spatial heterogeneity, such as illustrated in Fig. 4 , would be limited to timescales characteristic of surface dynamics. If the time scale for surface reorganization is similar to that of interfacial water molecules, then evidence of spatial heterogeneity would vanish. However, for most extended hydrated surfaces, such as those of proteins or other biological macromolecules, surface reorganization is coupled to conformational dynamics and is therefore slow relative to typical solvent dynamics.
Quantifying Surface Hydropathy from Water's Interfacial Molecular Structure
In this section we introduce the concept of intrinsic hydropathy (IH), which describes the extent to which a hydrated surface alters the intrinsic molecular structure of the liquid water interface. This quantity is determined by a competition between the constraints imposed on interfacial water molecules by surface-water interactions and those imposed by the collective hydrogen bonding network of the surrounding liquid. The outcome of this competition depends specifically on the subset of surface-water interactions that affect the orientational preferences of interfacial water molecules. Unfortunately, it is not straightforward to separate these specific interactions from the total set of surface-water interactions, so quantifying their effective strength is challenging. Here we address this challenge by considering the statistical mechanics of interfacial hydrogen bonding.
We utilize a mean field model of aqueous interfacial hydrogen bonding at a uniform surface that interacts with water through hydrogen bond-like interactions of tunable strength. This model surface has a well-defined IH value, which is simply given by the energy of a surfacewater hydrogen bond. By tuning this energy we can determine how water's interfacial molecular structure depends on the value of the IH. We then exploit this dependence to assign IH values to surfaces based solely on their influence on water's interfacial molecular structure.
In the following subsection we describe the mean field model of aqueous interfacial hydrogen bonding. Then, we present the application of this model to quantifying the IH of the disordered molecular surfaces described in the previous sections.
A Mean-Field Model of Interfacial Hydrogen Bonding at an Interacting Surface
Here we describe a theoretical model for computing the orientational distribution function of molecules at the interface between liquid water and an interacting surface. This model is an extension of a similar theoretical framework, introduced in Ref. 9 , for computing interfacial molecular structure at the liquid water-vapor interface. In Ref. 9 , we show that this model framework can accurately reproduce the primary features of the molecular structure of the water-vapor interface, and here we apply it to describe the water-surface interface. We specify interfacial molecular structure in terms of the orientational distribution function for water molecules at various distances from the liquid water interface. Within this model framework, this distribution function is determined based on the orientational preferences of an individual probe molecule interacting with the average density field of the interfacial environment via an empirical hydrogen bonding potential.
As illustrated in Fig. 5 , the model includes a single probe molecule located at distance a from the position of a planar liquid interface. The interfacial environment is described with a density field that is anisotropic in the direction perpendicular to the interface but uniform in the directions parallel to the interface. The interfacial density field is composed of two separate elements: a water density, ρ w (a), that is computed form atomistic simulation and a surface density, ρ s (a), that represents the distribution of interacting sites on the extended model surface. As depicted in Fig. 5 , we approximate this distribution as being Gaussian with characteristics that reflect the molecular roughness of a given hydrated surface.
The probe molecule is described as a point particle with four tetrahedrally coordinated hydrogen bond vectors, denoted b 1 , b 2 , b 3 , and b 4 (see Fig. 5 ). The length of these vectors corresponds to the average hydrogen bond distance, d HB = 2.8 Å, 41 so that each vector points to the preferred position of a hydrogen bond partner. In addition, each bond vector is assigned a directionality, with b 1,2 and b 3,4 representing hydrogen bond donors and acceptors, respectively. The orientation of this probe particle is specified by the vector κ = (cos θ 1 , cos θ 2 ), where θ 1 and θ 2 specify the angles made between the donor bond vectors and the surface normal pointing away from the bulk.
The interactions of the probe molecule with the elements of the interfacial density field are governed by an empirical hydrogen bonding potential that depends on the probe molecule's position, a, orientation, κ, and hydrogen bonding configuration, as specified by a set of binary variables, {n
This potential is given by,
where w denotes the effective energy of a water-water hydrogen bond, s represents the as an independent random variable with statistics given by,
HB (a i ) , 0, with probability 1 − P (γ)
where a i = a − b i ·n denotes the terminal position of the ith bond vector,n is the unit vector normal to the plane of the interface, and P (γ) HB (a i ) specifies the probability to form a hydrogen bond at position a i with either water (i.e., γ = w) or surface (i.e., γ = s). We assume that this probability takes the simple form, P (γ)
, where the proportionality constant is chosen to reproduce average number of hydrogen bonds in the bulk liquid. We also assume that these statistics are subject to a constraint that each bond vector can form only one bond (i.e., b i cannot simultaneously bond with water and surface).
The water-water hydrogen bond energy was fixed at a value of w = −1.77 k B T at T = 298K, based on our previous parameterization of this model for the liquid water-vapor interface.
9 The surface-water hydrogen bond energy, s , is thus a parameter that we vary in order to describe surfaces with different chemical characteristics. We define the properties of ρ s (a) based on the analysis of simulation data. Specifically, for a given model surface we computed the density of surface molecules relative to the position of the intrinsic water interface. We then fit the leading edge of the resulting density profile to a Gaussian. This procedure yielded a range of means, a s , and variances, σ In the context of this model, the probability for a molecule at position a to adopt a given orientation, κ, can thus be expressed as,
where · · · b denotes an average over all possible hydrogen bonding states (i.e., variations in the n
is the orientational partition function for the probe molecule at position a. By evaluating the average explicitly based on the constrained statistics of n (γ) i as specified above, the numerator of Eq. (7) can be written as, e −βE( κ,a,{n
Together, Eqs. (7) and (8) can be used to compute the orientational molecular structure of the liquid water interface. To facilitate comparison of this mean field model to the results of atomistic simulation, we project the distribution P MF ( κ|a) onto a reduced dimensional distribution,
where the summation is taken over the two donor bond vectors, cos θ i = b i ·n/|b i |, and δ(x)
is the Dirac delta function.
Quantifying Intrinsic Hydropathy From Atomistic Simulation Data
The characteristics of P MF (cos θ OH |a) depend on the value of the surface-water hydrogen bond energy, s . Similarly, the characteristics of P sim (cos θ OH |a) computed from simulations with the molecular surfaces described in the previous section (and depicted in Fig. 1 depend on the value of α. By comparing P MF (cos θ OH |a) and P sim (cos θ OH |a) we can relate values of α to associated values of s . This relationship thus allows us to assign a value of IH to a given surface based on atomistic simulation data.
To make a quantitative comparison between P sim (cos θ OH |a) and P MF (cos θ OH |a, s ), where we now include the conditional dependence on s for the mean field model, we compute a fitness function Γ( s ) based on the Kullback-Leibler divergence. 42 This fitness function is given by,
which quantifies the similarity between the orientational molecular structure of a simulated system and that of our mean field model at a given value of s . By minimizing Γ( s ) we can therefore identify the value of s that most closely mimics the effective surface-water interactions of the simulated system. The value of s that minimizes Γ( s ), denoted by * s , we thus take to represent the IH of the surface. Figure 6 shows a comparison between P sim (cos θ OH |a)
and P MF (cos θ OH |a, * s ) for simulations with α = 0 and α = 1. This comparison reveals that our simple model is capable of capturing the sensitivity of interfacial molecular structure to changes in surface-water interactions. In Fig. 7 we plot the dependence of * s on α. For α < 0.4 we observe that * s ≈ 0, indicating that for these cases surface-water interactions exert a negligible influence on the structure of water's interfacial hydrogen bonding network. For α ≥ 0.4, * s increases monotonically with α, reaching a value of nearly w when α = 1. The difference of * s from w when α = 1 may be surprising because the surface has a force field and structure that is identical to that of bulk liquid water. The difference between * s and w arises because the surface is rigid, so the effective hydrogen bonding interactions between the surface and water lack the entropic stabilization associated with hydrogen bond network flexibility.
We observe that * s and δλ phob exhibit a similar dependence on α, indicating the strong relationship between IH and variations in interfacial molecular structure. Notably, the behavior of * s reveals a clear threshold that is not apparent in U w-s , plotted in Fig. 2 . Evidently, when α is small, changes in U w-s with α do not contribute to changes in the structure of the interfacial hydrogen bonding network. Rather they contribute to changes in the spatial profile of the intrinsic water interface, such as the mean and variance of the interfacial heights. Thus, the properties that control aqueous interfacial solvation are determined by an interplay between the intrinsic properties of the interfacial liquid and the fluctuations in interfacial density that arise due to entropically-driven variations in the position of the intrinsic liquid interface.
By combining simulation tools for quantifying interfacial molecular structure with insight gained through a simple model of interfacial hydrogen bonding, we have highlighted that hydrophilic interfacial structure emerges through a competition between surface-water interactions and the collective water-water interactions of the bulk liquid. Using the mean field model, we evaluated the contribution of surface-water interactions to the emergence of hydrophilic interfacial structure in terms of the effective hydrogen bond energy, * s . This specific energetic component can be interpreted as a novel scale for the surface hydropathy; one that reports directly on the ability of the surface to modify water's preferred interfacial hydrogen bonding structure. With this measure, the influence of a hydrophilic surface on a water interface can be neatly separated into its structural and spatial (e.g. changes in capillary-wave behavior) components. 
Interfacial molecular structure versus excess chemical potential
In order to relate the aqueous interfacial molecular structure to the surface hydropathy, we compare values of δλ phob to quantity, ∆µ ex = µ
, where µ the bulk water, respectively. For a given location over a hydrated surface, namely r surf , the excess chemical potential near the interface can be specified as
where P v (0|r surf ) is the probability that no solvent molecule is observed within a spherical cavity of radius R centered at r surf + Rẑ (i.e., the cavity contacts with the surface at r surf ).
This probability is computed from the simulation as
where the angle bracket denotes an equilibrium average, δ(x) is a Dirac-delta function, H(x)
is a Heaviside step function, and the summation is taken over all liquid water molecules for their positions, r i . For r surf , the surface boundary was determined from a WillardChandler interface S1 constructed for the molecules belonging to the solid phase. Similarly, the probability of a cavitation was computed in the bulk, which gave µ
Based on the values of δλ phob (r surf ) and ∆µ ex (r surf ) for all surface positions, we computed conditional probability distributions, P (δλ phob |∆µ ex ). Here, we identify the positions of the surface with ∆µ ex < −k B T as being hydrophobic and those with ∆µ ex > k B T as being hydrophilic. As illustrated in Fig. S1 , P (δλ phob |∆µ ex < −k B T ) is dominant over Figure S1 : (a) Plots of conditional probability distributions of δλ phob given ∆µ ex > k B T and ∆µ ex < −k B T . (b) Plots of the conditional probability distributions normalized by P (δλ phob ). Although the panel b shows that the righthand crossing point between the curves is δλ phob ≈ 0.5, we set the upper bound of hydrophobic interfacial molecular structure to be δλ phob = 1.0 where P (δλ phob |∆µ ex > k B T ) reaches the maximum and P (δλ phob |∆µ ex < −k B T ) is featured with some shoulder as shown in panel a.
Density profiles for model surfaces
As described in the main text, we computed the density profiles of the molecules in liquid and surface, namely ρ w (a) and ρ (int) s (a), relative to the position of the intrinsic water interface, following the procedure described in Ref. S2 . These density profiles change significantly as the surface polarity, α, increases from 0 to 1. As illustrated in Fig. S2 , the density profile for the surface gets closer to that for the liquid water upon the increase in α, which indicates more adsorption of the solvent molecules to the surface of larger polarity. For the mean-field model, we use a Gaussian function as an effective surface density profile, which is fitted from the leading peak of ρ 
